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157] ABSTRACT

This invention provides a composite electrode having a
metallic, water cooled upper portion and a consumable
lower portion. The portions are secured together, and
the upper one includes conduit méans within it to per-
mit cooling water or other liquid to move along a path
which brings the cooling liquid into intimate contact
with substantially all of the inside surface of the outer
wall defining the periphery of the upper portion.

4 Claims, 4 Drawing Figures
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COMPOSITE ELECTRODE WITH
NON-CONSUMABLE UPPER SECTION

This application is a continuation-in-part of United
States patent application Ser. No. 730,621, filed on Oct.
7, 1976.

‘This invention relates generally to electrodes utilized
in electric-arc furnaces, and has to do particularly with
the construction of a composite electrode intended to
provide advantages over the electrodes currently in use.

Electrode consumption contributes substantially to
the total cost of electric furnace steelmaking. Electrode
consumptions can be broken down into tip losses, side
oxidation losses and column breakage losses.

Conventional practice typically utilizes an electrode
configuration consisting of multiple sections of graphite
cylinders threaded together with graphite nipples. An
electrode clamp holds this column in position and trans-
fers the electrical power to the graphite cylinders. The
diameter of conventional cylinders must be uniform and
the surface must be machined smooth in order to pro-
mote the best electrical transfer without “hot spots” or
arcing. During use, the electrode column is “slipped™ as
tip erosion takes place, and new sections are added at
the top. The high temperature and oxidizing atmo-
sphere in the furnace consumes the exposed area of the
electrode and promotes a taper towards the tip. The
graphite oxidation losses of this kind typically amount
to from 50% to 70% of the total consumed.

The taper also reduces the wall thickness at the joints,
thus renderlng the column more prone to breakage. The
most serious breakage occurs when scrap movement
within the furnace cause the upper joint to fail, with the
resultant loss of an entire column. The taper also makes
it difficult to seal the region between the electrode and
the roof of the furnace to prevent fumes from escaping.

Various attempts to combat these problems have
been made in the past. In an attempt to reduce the rate
of electrode oxidation, coating or cladding has been
applied to the surface utilizing temperature-resistant
materials. Because of problems with electrical transfer
in the clamp area, most such materials have been ap-
plied only below the clamp. Marginal success has been
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obtained with such materials because of the difficulty of 45

wetting and sticking to the graphite. The application of
a conductive coating applied over the entire electrode
under vacuum or by plasma arc spraying have proven
uneconomical. |

In view of the foregoing difficulties with conven-
tional practice, it is an aspect of this invention to pro-
vide a composite electrode construction capable of
reducing side oxidation of the graphite portion and of
reducing column breakage losses. Additional advan-
tages of light weight and greater utilization of the
graphite of the electrode are also aspects of this inven-
tion. A further aspect is to make less critical the dimen-
sions and surface characteristics of the graphite portion
of the electrode.

Accordingly, this invention provides a composite
‘electrode for electric arc furnaces, comprising:

an elongated metallic portion having a top end and a
bottom end, the portion including an outer wall of sub-
stantially uniform section along its length, the outer
wall having an outside surface and an 1nside surface, an
inner wall spaced inwardly from the outer wall to de-
fine a passage of annular section, conduit means longitu-
dinally within said metallic portion and communicating
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with the bottom of said passage to allow cooling liquid
to move within said portion along a path which brings
cooling liquid into intimate contact with substantially
all of the inside surface of said outer walli, |

an elongated consumable portion having a top end
and a bottom end,

and connector means for joining the top end of the
consumable portion to the bottom end of the metallic
portion,

the said connector means mcludlng a metalllc double-
male threaded nipple, and a female recess in the bottom
end of said elongated metallic portion, said female re-
cess opening through to the interior of the metallic
portion, the threaded nipple being hollow with one end
open and the other end closed, and being threaded into
said female recess with the open end upward so that the
interior of the nipple communicates with the interior of
the metallic portion; and in which said conduit means is
a central pipe extending axially down the metallic por-
tion and into the interior of the threaded nipple.

Two embodiments of this invention are illustrated in.
the accompanying drawings, in which like numerals
denote like parts throughout the several views, and in
which:

FIG. 1 1s a perspective view of the composne elec-
trode of this invention; |

FIG.21sa longitudlnal sectional view v of one embodl-
ment thereof; -

FIG. 3 is a longitudinal sectlonal view of a second
embodiment thereof; and

FIG. 4 is a perspective view of several components of
the second embodiment, in exploded relation.

In FIG. 1, the composite electrode 10 is seen to in-
clude an upper metallic portion 12 and a lower consum-
able portion 14. Means are provided at the joint 15 for
securely connecting the two portions together, these
means to be described subsequently. A typical electrode
clamp 16 is provided, having a support arm 18 extend-

‘1ng from control apparatus (not shown) of the conven-

tional type which is adapted to pass electrical current
along the arm 18 through the clamp 16 and to the com-
posite electrode, and which also is capable of adjusting
the vertical height of the composite electrode to bring
about the most desirable arc characteristics in. accor-
dance with conventional practice. -

At the top of the portion 12, two cooling water lmes_
19 and 20 are provided to carry cooling water to and
from the upper portion 12. |

It is to be understood that the composite electrode 10
shown in FIG. 1 would be inserted ‘downwardly
through the conventional opening in the roof of a stan-
dard electric arc furnace, with conventional means for
substantially sealing the remainder of the roof opening
against the escape of gases. ‘These parts are conven-
tional, and have not been illustrated.

Turning now to FIG. 2, the construction of the upper
or metallic portion 12 of the composne electrode 10,
which may be of ferrous materlal 18 seen to include an
outer wall 22 of cylindrical configuration and an inner
wall 24 which 1s also cylindrical but which is spaced
inwardly and concentrically with respect to the outer
wall 22 to define a passage 26 of annular section be-
tween the two walls. The passage 26 is intended to be
the upward leg of a cooling-water circulation path
within the metallic section 12 of the composite elec-
trode

Spanning across the top of the both walls 22 and 24 18
a circular top wall 28 which is dimensioned to extend
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beyond the outside surface of the outer wall 22, as can
be seen in both figures.

A first intermediate transverse partition 30 is pro-
vided in spaced relationship below the upper wall 28
extending only within the inner wall 24 and welded
thereto. Above the partition 30, the inner wall 24 is
provided with a plurality of Openlngs 31 for the purpose
of allowing the cooling water passing upwardly along
the annular passage 26 to move readily and with low
resistance to an opening 33 communicating with
outlet pipe 34 extending radially outwardly from the
upper end of the outside wall 22.

A further intermediate partition 36 is prowded
toward the lower end of the portion 12, again spanning
only within the confines of the inner wall 24 and welded
thereto. |

A central, axial pipe 37 passes downwardly through
“the upper wall 28 and the partition 30, and terminates at
a central opening 38 in the partition 36, whereby water
may pass down the pipe 37 to the area below the parti-
tion 36. _ _

At the lower end of the outside wall 22 there is pro-
vided a member 40 which 1s radially symmetrical and
which defines an annular, upwardly open channel 42
between an outer cylindrical wall 43, a lower annular
~wall 45, and an inner, frusto-conical wall 46. Across the
upper open end of the inner, frusto-conical wall 46 is a
circular plate 48. The chamber defined by the annular
channel 42, the plate 48 and the partition 36 constitutes,
in effect, a generally circular passage (with a downward
peripheral portion) for carrying cooling liquid from the
bottom of the pipe 37 radially outwardly to the bottom
of the passage 26 of annular section. As can be seen
especially in FIG. 2, the inner wall 24 extends down-
wardly within the annular channel 42, and thus requires
the cooling water to move continuously along the inner
surface of the member 40, ensuring that it will be cooled
uniformly. If the inner wall 24 did not extend down into
the channel 42, there is a risk that the water at the lower
end of the channel 42 would remain static, become
overheated, and flash to steam, thus resulting in an
explosion. |

Located in the lower end of the annular passage 26
are a plurality of longitudinally oriented vanes 47 for
the purpose of minimizing turbulence in the passage 26
and for promoting laminar ﬂow of cooling liquid there-
along.

The upper end of the outer wall 22 is welded to an
annular flange 50 which has the same outer diameter as
the top wall 28. The flange 50 and the top wall 28 are
adapted to be bolted together as by bolts 52 with a
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gasket between them, in order to seal the upper end of "

the annular passage 26. It will be appreciated that there
is no permanent, bracing contact between the inner wall
26 (including the partitions 30, 36 and the central pipe

37) and the outer wall 22 (including the lower member

43). It is desirable to be able to remove the entire inner

3

portion from the outer portion for maintenance, inspec-

tion, etc. It 1s for this reason that the flange 50 has been
provided, so that the only location of attachment be-
tween the two parts is at the top, by way of the bolts 52.

A T-coupling 54 is threaded to the upper end of the
pipe 37, and a water inlet pipe 56 is connected thereto.
Threaded into the other opening of the T-coupling 54 is
a safety head 57 of conventional construction.

At the lower end of the portion 12, the inner surface:

of the frusto-conical wall 46 is formed to define threads
which are adapted to receive the mating threads of a
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graphite nipple 59 which 1s of the usual type utilized in
conventional practice to connect two graphite cylin-
ders together. The consumable, graphite electrode 14
also has a threaded, female recess 60 in its upper end, to
receive the other end of the double-male threaded nip-
ple 59.

It can be seen espec:1ally in FIG. 2 that the dlameter of
the consumable graphite portion 14 of the composite
electrode has a smaller diameter than the upper portion.
In conventional practice, the electrodes tend to be
somewhat oversized for the sake of mechanical
strength, i.e. the diameter of the electrodes has been
somewhat greater than the electrical requirement
would call for. With the present construction, however,
the diameter of the graphite portion of the composite
electrode may be reduced to the minimum necessary for
considerations other than mechanical strength, because
the inherent cooling of the upper end of the graphite
portion 14 due to contact the water cooled metallic
portion 12 will reduce the extent to which the graphite
material oxidizes away at the surface, and will allow the
initial strength of the connection between the two por-
tions to be maintained. Also, as pointed out previously,
the surface characteristics of the graphite portion 14 of
the composite electrode do not need to meet the high
standards previously called for due to the necessity of
making good electrical connection therewith.

In the case of the present composite electrode, the
clamp 16 is mounted directly to the upper metallic por-
tion 12, and this will be a metal-to-metal contact with
excellent electrical conduction characteristics.

It will be appreciated that, by keeping the greater
part of the interior volume of the upper portion 12 free
of water, the weight of the entire section can be reduced
to a minimum. In fact, the construction illustrated in
FIG. 2 1s one which can reduce the total weight of the
upper section to less than that of a conventional graph-
ite electrode with the same diameter. This will lower
the weight that the electrode mast (associated with the
arm 18) must lift, and thus will decrease maintenance
costs while increasing the lifting speed.

The joint location where the consumable and the
non-consumable portions of the composite electrode are
attached together can be placed lower on the electrode
as a whole than the lowermost joint normally occurs on
conventional electrodes. Thus, accidental scrap caves
or furnace movements which exert a force on the side of
the electrode will generate less torque in the joint area
(due to the shorter moment arm), thus reducing the
possibility of breakage. Also, any joint breakage which
does occur will lose less electrode weight because the

joint is lower.

It is considered important to construct a female joint
on the water cooled section, so that any expansion
which occurs due to heatmg of the bottom portion and

-~‘the graphite connectmg pin w111 tighten the joint rather

than loosen it.

By providing a single metallic upper portion 12 for
the electrode, various diameter electrodes can be ac-
commodated for the bottom section. In the past, the
electrode diameter has been fixed to a single size be-
cause of the high cost of changing electrode clamps.

If desired, the lower electrode section can be coated
with an oxidation resistant coating. The coating can be
applied over the entire surface since the electrodes will

not be gripped by clamps for electrical transfer. The

material could even be applied during manufacture of
the graphite portion of the electrodes. Alternatively, a
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cladding material could be used to slow oxidation
losses. On an ordinary electrode, the dissimilar proper-
ties of the graphite and the cladding material tend to
cause non-uniform expansion and slippage of the clad-
ding. Also, rivet or screw fastening of the cladding to
the electrode tends to be difficult because of the brittle
nature of graphite. In the present invention, however,
cladding material could be su5pended from the non-
consumable top section with some form of support
system. This could be designed to easﬂy accommodate
the replacement of electrode sections.
- The remainder of the volume within the upper metal-
lic portion 12 of the composite electrode is entirely
sealed from communication with the liquid-flow path
described earlier, and is intended to contain only air. In
order to avoid variation of air pressure within this re-
maining volume due to heating, a communication pipe
67 is provided, opening through the partition 30 at the
bottom, and through the upper wall 38 at the top.

Turning now to FIGS. 3 and 4, which illustrate the
second embodiment of this invention, the upper metallic
portion 12’ is substantially identical to the upper metal-
lic portion 12 shown in FIG. 2, with the exception that
the circular plate 48 is not present. Instead, the up-
wardly converging threaded female recess defined by
the frusto-conical wall 46’ opens directly through to the
interior of the portion 12. Of course, the intermediate
partition 36" blocks the access in terms of the air-filled
part of the portion 12. |

The main difference between the second embodiment
shown in FIG. 3 and the first embodiment shown in
FIG. 2 relates to the internal construction of the double-
male nipple 59'. In the case of the second embodiment
shown in FIG. 3, the double-male nipple 59’ is not of
graphlte but is machined from a metal such as copper or
steel.

The double-male threaded mpple 59’ is hollow with a
central cavity 65 having the upper end 66 epen and the
lower end 67 closed.

The central, axial pipe 37’ in the second embodiment
extends further downwardly than does the pipe 37 in
the first embodiment. As can be seen in FIG. 3, the pipe
37' extends axially down into the interior. cawty 65 of
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the nipple 59°. Thus, when cooling liquid is forced 45

downwardly along the central pipe 37, its:path includes
a portlen which extends from the bottom:of the central
pipe 37" upwardly out of the interior of the threaded
nipple 59', thence radially outwardly and downwardly
to the lower end of the passage of annular section de-
fined between the outer wall 22’ and thé.inner wall 24'.
~ The threaded nipple 59’ has two diametrically op-
posed recesses 70 in its lower end, whichrare adapted to
receive protuberances 72 on a manual tool 74 which is
adapted to permit tightening of the deuble-male nipple
59’ into the upwardly converging female‘recess defined
by the frusto-conical wall 46’ of the pOI’thIl 12
In actual trials on several 25 ton electric Tumaces, it
was found that electrode consumption was reduced by
roughly 15% for the compostte electrode, compared to

tions. It was also observed that cooling in the joint area
between the consumable and non-consumable poriions
prevented tapering of the graphite lower portion for
almost 2 feet more than on the conventional consumable
string of graphite cylinders.

It was further observed that the joint between the
consumable and non-consumable sections remained
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cool, and was easy to unscrew for the purpose of replac-
ing one graphite section with another.

To summarize the advantages provided by this inven-
tion, there is firstly a reduction of electrode consump-
tion because no oxidation of the non-consumable top
section takes place.

There is a further reduction of electrode consumption
from breakage because of the cooling feature of the
joint, which causes reduced taper and permits lower
level of joints in the furnace.

Because the diameter of the upper portion of the
electrode does not change, an improved furnace sealing
possibility is provided, allowing greater fume control.

‘There is further a flexibility in the diameter, tolerance
and surface characteristics of the electrodes utilized.

Finally, the complete electrode, including both por-
tions, weighs less than the conventional electrode made
of all graphite having the same diameter.

I claim:

1. A composite electrode for electric arc furnaces,
comprising:

an elongated metallic portion having a top end and a

bottom end, the portion including an outer wall of
substantially uniform section along its length, the
outer wall having an outside surface and an inside
surface, an inner wall spaced inwardly from the
outer wall to define a passage of annular section,
conduit means longitudinally within said metallic
portion and communicating with the bottom of
said passage to allow cooling liquid to move within
said portion along a path which brings cooling
liquid into intimate contact with substantially all of
the inside surface of said outer wall,

an elongated consumable portion having a top end

and a bottom end,

and connector means for joining the top end of the

consumable portion to the bottom end of the metal-
lic portion, the said connector means including a
metallic double-male threaded nipple, and a female
recess in the bottom end of said elongated metallic
portion, said female recess opeming through to the
interior of the metallic portion, the threaded nipple
being hollow with one end open and the other end
closed, and being threaded into said female recess
with the open end upward so that the interior of
the nipple communicates with the interior of the
metallic portion; and in which said conduit means
is a central pipe extending axially down the metal-
lic portion and into the interior of the threaded
nipple.

2. The invention claimed in claim 1, in which the path
along which the cooling liquid moves includes a down-
ward leg along said central pipe, an upward leg along
said passage, and a portion from the bottom of the cen-
tral pipe upwardly out of the interior of the threaded
nipple, thence radially outwardly to the lower end of
the passage of annular section.

3. The invention claimed in claim 2, in which there
are longitudinal vanes at the bottom of said passage of
annular section, for minimizing turbulence in said pas-

__sage and for promoting laminar flow of eoohng liquid.
the conventional construction utilizing all graphite pors: "

-‘4: The invention claimed in claim 1, claim 2 or claim
3 in which the said path occupies only a fraction of the
internal volume of the metallic portion, the remainder
of the volume being empty, being sealed from commu-
nication with the path, and being permanently in com-
munication with the atmosphere through an opening in

the top of the metallic portion.
¥ % X ¥ ¥
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